Abstract. This study describes the use of the reverse transcriptase-polymerase chain reaction (RT-PCR) to generate dengue 2 amplicons from paraffin-embedded autopsy tissues collected in Cuba 17 years ago. The presumptive diagnoses had been made only by clinical evolution without serologic confirmation. This study confirms once again that dengue 2 virus was directly associated with the fatal cases in children and illustrates the potential of the RT-PCR for retrospective diagnosis of dengue cases 17 years after death. A close similarity in the genomic sequences of the dengue 2 RNA detected in tissue samples from fatal cases and those dengue 2 Cuban strains that had been previously investigated confirms the appropriate genomic classification of the etiologic agent associated with the 1981 dengue hemorrhagic fever Cuban epidemic.
The 1981 Cuban outbreak was the first dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS) epidemic in the American region. 1 Previously, only 60 DHF/DSS cases had been reported. 2 More than 300,000 dengue cases, including 10,000 severe cases and 158 fatalities (101 in children) were reported during this explosive Cuban epidemic. 1 Dengue 2 virus was the etiologic agent isolated both in dengue fever (DF) and DHF/DSS cases. This outbreak was controlled in four months, and for more than 15 years, Cuba had been free of dengue until 1997 when another outbreak was reported in Santiago de Cuba municipality in the eastern part of the country. 3 From 1981 to 1989, only 241 sporadic cases of DHF/DSS were reported in the Americas. However, at the end of 1989, a second explosive DHF/DSS epidemic occurred in Venezuela, subsequently followed by frequent DHF/DSS epidemics in Central American, South American, and Caribbean countries. 2 Currently, DHF/DSS is considered an emerging problem. 4 The changes observed in the epidemiology of the disease in our region can be related to viral characteristics. Dengue hemorrhagic fever/dengue shock syndrome has been frequently associated with sequential infection and occurs mainly in those countries where more than one serotype is circulating. The sequential infection with dengue 1 virus, followed by infection with dengue 2 virus, is probably that most frequently associated with severe disease. [5] [6] [7] The dengue 1 serotype is most widespread in this part of the world because there is only one genotype in this area. 8, 9 Dengue 2 virus is also found extensively; however, it has been most frequently associated with DHF/DSS cases as a second infection. Previous reports have determined the existence of 5 dengue 2 genotypes, although, recent studies suggest the presence of an Asian genotype that includes 2 of the 5 previous genotypes. [9] [10] [11] The identification and molecular characterization of dengue viruses causing DHF/DSS epidemics is of tremendous importance in explaining the epidemiology of this disease. Guzman and others 12 studied 4 dengue 2 strains isolated from DF and DHF cases (including one fatality) and classified them as belonging to the same group of old dengue 2 strains such as New Guinea C and Thailand 16681.
The study of viral sequences present in autopsy tissue from DHF/DSS patients is of major importance because DHF/DSS fatalities represent the most severe clinical picture of the disease and because they offer an excellent opportunity to perform genomic studies in samples without passage through any viral isolation system, thus offering more exact information. Immunohistochemistry studies using specific monoclonal antibodies and several variations of the reverse transcriptase-polymerase chain reaction (RT-PCR) have been previously applied in the study of viruses in paraffinembedded autopsy tissues. [13] [14] [15] [16] Paraffin-embedded samples from autopsies of 10 children who died in 1981 with a clinical diagnosis of DHF/DSS were studied with the aim of identifying and molecular characterization of the etiologic agent. In this paper, we confirm once again the serotype and the genomic classification of the etiologic agent associated with the 1981 DHF/DSS Cuban epidemic. The value of the RT-PCR in the identification and molecular characterization of the nucleic acid of an RNA infecting agent in samples stored for 17 years is defined.
MATERIALS AND METHODS
Specimens and case classification. Paraffin-embedded tissues from 10 DHF/DSS fatal cases (children) were obtained from one pediatric hospital in Havana. Clinical charts were reviewed and all cases were classified according the Guidelines for Control and Prevention of Dengue and Dengue Hemorrhagic Fever in the Americas. 2 All samples were positive by a specific immunohistochemical assay. 13 Preparation of viral RNA, genomic amplification, and sequencing. Five sections (2.5 m) were taken from each tissue block using disposable microtome blades and placed in a sterile microcentrifuge tube. Paraffin was removed by a modification of a standard method. 14 Briefly, it was extracted with xylene, followed by washes with ethanol to remove the xylene. Subsequently, 300 l of lysis buffer (100 mM TrisHCl, pH 8.5, 0.5 M EDTA, 10% sodium dodecyl sulfate, proteinase K [25 mg/ml], and 20 units of RNAsin; Promega, Madison, WI) was added. The tissue was homogenized mechanically and the homogenate was incubated for 1 hr at 56ЊC. The RNA was then purified by two extractions with phenol/chloroform, followed by precipitation with ethanol. The pellet was washed with 70% ethanol, dried for 30-45 min, and dissolved in 10 l of diethylpyrocarbonate (DEPC)-treated water. Five microliters of target viral RNA was converted to cDNA using a mixture containing 50 mM Tris-HCl, pH 8. The specific dengue 2 primers were used according to Lanciotti and others. 17 Paraffin-embedded mouse brain from uninfected mice was used as a negative control and paraffin-embedded dengue 2-infected mouse brain from mice inoculated with dengue 2 virus was used as a positive control. One microliter of this reaction mixture was used in a semi-nested PCR in a different reaction vessel using a slightly modified version of the method of Lanciotti and others. 17 In this case the primer D1 was substituted for the specific primer TS2. A 10-l aliquot of the amplified product of each PCR was subjected to electrophoresis in a 3% agarose gel (Sigma, St. Louis, MO) in 1ϫ TBE buffer (0.09 M Tris-borate, 0.001 M EDTA). 18 To amplify a segment of 480 basepairs of the envelope/nonstructural protein-1 (E/NS1) gene junction, the cDNA was subjected to the PCR essentially as described above. The antisense primer D2/2595: 5Ј-GGTTAATTTTCCAGTCTTGTTACT-GAG-3Ј was used. Both the anti-sense primer D2/2595 and the sense primer D2/2170V were used according to Rico-Hesse and others. 10 In the semi-nested PCR, primers D2/2578 and D2/ 2170V were used as previously reported. 10 The amplified bands were tested as described above. The band with the highest yield was then purified by the low-melting gel standard procedure 18 and sequenced. Similar controls were used as in the previous PCR-nested PCR. Samples and controls were always handled in different localities.
The RNA extraction procedure, the PCR, and the nested PCR for both amplified regions were optimized initially by using paraffin-embedded dengue 2 virus-infected mouse brain. Quantitative serial dilution of this sample gave amplification with 10 3 or 10 2 particles in both cases. The specificity was confirmed by Southern blotting using a specific internal oligonucleotide as probe specific for each case.
Nucleotide sequencing was done using a commercial kit (Sequenase PCR product sequencing kit; U. S. Biochemicals, Cleveland, OH) according the manufacturer's protocol. Both positive-and anti-sense primers were used for sequencing. The dengue 2 A15 strain, which was previously characterized, was used as a control for the sequence reaction. 12 Phylogenetic analysis. The phylogenetic tree was reconstructed at the E/NS1 gene junction using 41 dengue strains. Table 1 shows the dengue 2 strains selected for analysis and their accession numbers at Genebank. To root the tree, homologous sequences of dengue 1 (D81-135 strain; accession number M32935) and dengue 3 (H87 strain; accession number M93130) were also included.
The alignment was made with the program Clustal W. 19 The phylogenetic reconstruction was performed with the package PHYLIP using the algorithm neighbor-joining (NEIGHBOR program). 20 The distances between sequences were estimated by using the six parameters model of Felsenstein (program DNADIST). To assess the robustness of the relationship obtained, a bootstrap resampling analysis (100 replications) was undertaken with program SEQBOOT. A consensus tree was obtained with the program CON-CENSE. The tree was drawn out using the program TreeView. 21 
RESULTS
Dengue 2 RNA was detected by the RT/PCR in 7 (70%) of the studied cases. Twenty-one tissue samples of spleen, liver, and lymph node were tested: 12 (57%) were positive and 9 (43%) were negative. Dengue 2 virus was detected in spleen, liver, and lymph node in 80%, 44.4%, and 42.8% of the cases, respectively (Table 2) . In three cases, the RNA was detected all of the studied samples. Figure 1 shows the expected band of 123 basepairs, as well as the positive control.
Distinct PCR products of approximately 250 basepairs were obtained in the amplification at the E/NS1 gene junc- tion of 6 tissues samples; one was used for direct sequencing. Figure 2 shows the nucleic acid and amino acid deduced sequences of the dengue 2 virus detected in 1 liver sample, those previously published of a dengue 2 Cuban strain isolated from a DF patient in 1981, 12 and the sequence of the prototype New Guinea C strain. Both Cuban nucleic acid sequences differed by a single nucleotide at position 2502 (numbered according Hahn and others 122 ) Amino acid sequences were similar.
The evolutionary tree for the strains described in Table 1 is shown in Figure 3 . The numbers next to some of the nodes represent the percentage of supporting bootstrap replications.
The bootstrap values of the tree support the existence of two genotypic groups: one includes only strains from the American region rooted for the Trinidad 54 strain and previously designed as native genotype, 10 and the other includes the rest of the American strains together with the old South Asian strains included in this phylogenetic reconstruction. Cuban dengue 2 virus samples were classified in the same group containing the New Guinea C prototype virus (73% bootstrap) along with strain Thailand 16681 and some recent American isolates from Venezuela and Mexico.
DISCUSSION
During the 1981 Cuban epidemic, several dengue 2 isolates were obtained from DF and DHF cases; however, only one was obtained from the liver of a fatal pediatric case. [23] [24] [25] Isolation rates from tissues collected after the cessation of viremia are relatively low, in large part due to the insensitivity of culture systems and the presence of virus-neutralizing activity even in suspensions of washed tissues. 26 The detection of dengue 2 viral RNA in paraffin-embedded samples from fatal DHF/DSS cases allowed us to confirm once again the etiologic agent of the 1981 Cuban epidemic. It also demonstrated the usefulness of the RT/PCR as a powerful tool in the study of tissue samples, including those stored for more than 15 years. Currently, DHF is considered an emerging world problem in American and Caribbean countries. Consequently, many laboratories for dengue diagnosis have been developed. The application of this technique to the study of samples from fatal cases demonstrates the possibility of introducing and applying the RT/PCR in those American countries where the presence of suspected fatal DHF cases is frequent. Furthermore, once it is introduced, it is relatively easy to apply the same methodology to the study of fatal cases of yellow fever.
The demonstration that viral RNA can be extracted from tissue does not necessarily indicate in situ viral replication. The tissues studied are part of the blood and lymphatic systems; therefore, during viremia they would be exposed to blood containing virus. Based on the results of 3 cases (34, 49, and 54), it is not possible to state that these tissues support viral replication (viral RNA was detected in all tested samples from each patient).
However, if one takes into account previous immunohistochemical results that demonstrated the presence of dengue 2 viral antigen in the same tissues of our patients and the amplification results from cases 46, 52, and 57, it is possible to postulate that the DNA amplification resulted from virus replicating in the specific tissue per se (spleen) and not from blood-borne virus. Kangwanpong and others have obtained similar results using an in situ PCR. 15 This results could be verified by the lack of amplification of the negative control in which dengue viral replication is though not to occur.
Optimal fixation is critical for preservation of RNA. 16 In spite of the high sensitivity of the RT-PCR, our results may be negatively biased because the samples were fixed 17 years ago, during a severe DHF/DSS epidemic, and it is not certain that optimal fixation was achieved. These facts could explain why dengue virus 2 RNA was not detected in 3 cases.
Other methods might have improved recovery; however, only small amounts of tissue were available. Thus, multiple methods could not be evaluated. On the other hand, there was only one sample from two of the three patients who were PCR negative. If more samples had been available, these might have been positive. In spite of these limitations, the clinical and anatomo-pathologic diagnosis of dengue was confirmed in 7 (70%) of 10 children. FIGURE 2. Comparison of the nucleotide (A) and amino acid sequences (B) at the envelope/non-structural protein 1 (E/NS1) junction of the two sequences of dengue viruses isolated from the Cuban 1981 epidemic and the prototype New Guinea C strain. Both consensus sequences (nucleotides and amino acids) were generated with the program Clustal W using all 37 strains of dengue 2 virus included in this study for comparison. The lower case letters indicate the presence of a different base at a position in any other strains used in the alignment. The capital letters indicate a common base for all included strains. The dashes indicate identities. Nucleotide and amino acid positions are numbered according to Rico-Hesse. 9 Only a nucleotide change between the sequences from Cuba was recorded at position 2502. The bases in the obtained sequence from a sample embedded in paraffin agreed with the consensus sequence. Any amino acid change between these two Cuban sequences is shown. The junction E/NS1 between residues A and D is shown.
Regardless of the wide circulation of dengue 2 in Cuba before 1981, only 60 DHF cases from 5 countries had been reported previously. The 1981 Cuban epidemic represented a change in the epidemiology of dengue in this part of the world. Thus, the study of the viruses involved in this outbreak is of utmost importance.
Some investigators have demonstrated that the nucleotide sequence of the E/NS1 gene junction provide sufficient information for estimating genetic relationships among dengue 2 viruses. [9] [10] [11] Similar to a previous report, 12 the tree obtained by the neighbor-joining algorithm (Figure 3) using the E/ NS1 gene junction confirms the close association among the sequences detected in a tissue sample from a fatal case of DHF/DSS with some old dengue 2 strains isolated in Southeast Asia such as New Guinea C and Thailand 16681.
Many variants of dengue 2 viruses have been transmitted in Thailand over a 32-year period. 11 These have been previously classified as two distinct genotypes. However, recent studies suggest the existence of virus variants that originated from a common progenitor, that is, the branches of variants within a genotypic group. 11 The distribution of the American strains in two main genotypes, one native and rooted for the Trinidad 1954 strain and the other of South Asian origin, is also observed in our tree.
It has been postulated that DHF in the American region had it origins in the introduction of several strains from ← FIGURE 3. Phylogenetic relationship of Cuban dengue 2 virus sequences with other American dengue 2 virus strains and the oldest New Guinea C and Thailand 1964 strains based on the comparison of the genomic envelope/non-structural protein 1 junction. Two sequences from dengue 2 1981 Cuban strains were aligned with 39 strains from the American region, as well as the oldest dengue 2 virus strains reported. Two strains of serotypes 1 and 3 were used to rooted the tree. The tree was constructed using the neighbor-joining algorithm. The numbers next to some of the nodes represent the percentage of supporting bootstrap replications. The asterisks indicate strains isolated from dengue hemorrhagic fever cases.
Southeast Asia into the Caribbean during the 1981 Cuban epidemic. 10 It is important to note that the oldest strains such as New Guinea C and Thailand 64 remain closely associated with some American strains isolated during or after 1994, and with some from Thailand, isolated mainly after 1986, with bootstrap values of 57%. Although a common origin for all southeast Asian strains transmitted over a 32-year period has been proposed (bootstrap values ϭ 52%), including these old genotypes, 11 it is difficult to explain from these and our results why the 1981 dengue 2 viral sequences from Cuba remain the most closely associated with the prototype New Guinea C strain, with a branching pattern supported by bootstrap values Ͼ 70%.
If only two dengue 2 genotypes have been circulating in our region, the native American genotype and one that originated in Southeast Asia and composed of at least 2 branches, then variants belonging to different branches of the Asian genotype and represented by the Jamaican and the Cuban strains were introduced into these countries in 1981. Although both variants have been related to DHF epidemics, the following information is noteworthy. 1) The Cuban strain caused more than 10,000 severe cases and 158 fatalities during a period of 4 months. (Figure 3) . 10, 11 It is not easy to understand how a variant (with the potential to produce DHF epidemics) could remain silent for so long and suddenly reappear. More comprehensive analyses indicate that viruses from Southeast Asia belonging to this branch have entered our area again.
